This paper presents a primary study and its results of the thermo-electric field in a steel strip with multiple cracks under the electric current. As a result, the hot spot exists at the crack tip due to the Joule heating effect. When the gap between two cracks is relatively small, the hot spots at the crack tips may not be obvious. It may disturb the crack detection.
Introduction
When a cracked metal component is subjected to the electric current, a hot spot can be produced at the crack tip due to the electric current density concentration and Joule heating effect. Fig. 1 shows this phenomenon. In the past studies (1) (2) (3) (4) (5) , the results demonstrated that a local hot spot exists at the crack tip under the electric current. This phenomenon can be applied on the thermal sensing technique for detecting cracks or fractures in metal components. The induction heating method is usually used for the crack detection. However, the steady electric current is adopted for the crack detection in this paper.
As a primary study, the research of this paper investigates the thermo-electric field in a steel strip with multiple cracks under the electric current. The research methods include the finite element analysis and thermal imaging experiment. Especially, the effect of the gap between two cracks is investigated.
Problem
In Fig. 2 , it shows the strip geometry and electric load of this research. The thin strip has the dimensions WL and thickness e. There are five edge cracks. The crack length and gap are denoted as a and b, respectively. The strip is subjected to a direct current (DC) I 0 . The material type of the strip is the SUS 304 stainless steel. In Table 1 , it lists the material data of the SUS 304 stainless steel (6) . The thermal conductivity and electric resistivity are temperature-dependent. (6) .
Principles
Four groups of equations describing the basic theory of this study are listed as follows (7) (8) (9) :
In Eq. (1), E, J, and are the electric field, electric current density, electric potential and resistivity, respectively. In Eqs. (2) and (3), q   , k, T, q  , , C p and t are the heat flux, thermal conductivity, temperature, heat generation of Joule heating, mass density, specific heat and time, respectively. In Eq. (4),T, V, Q and I are the vector forms of the temperature, electric potential, heat flow rate and electric current, respectively. The material constant matrices C t , K t and K v are the thermal specific heat, thermal conductivity and electric conductivity, respectively. The coupled heat flow matrix Q contains the effects of the thermal loading and Joule heating. Eq. (4) is a directly coupled nonlinear equation which is solved using the Newton-Raphson iterative method. Eqs. (1)(4) will be solved using the finite element software ANSYS (9) .
Methods of Research

Finite Element Analysis
Fig . 3 shows the finite element model of ANSYS with the dimensions: W=10 mm, L=240 mm, e=0.05 mm, a=5 mm and b=12 mm. It is modeled by the SOLID226 element, i.e. the 20-node isoparametric solid element associated with the thermo-electric analysis. The crack tip region is modeled by the quarter-point elements for expressing the r 1/2 singularity of the electric current density field. The following conditions are considered in the finite element analysis: (1) Three-dimensional analysis (2) Thermo-electric coupled-field (3) Transient heat transfer (4) Convection on air/strip interface (5) Steady electric current (DC current) (6) Temperature-dependent material data (7) Electric insulation on crack surface Fig. 4 shows the experimental facilities of this study. The SUS 304 steel strip is connected to the DC power supplier. Due to the Joule heating effect, the strip is heated.
Thermal Imaging Experiment
The thermal image camera (designed by FLIR Co.) is used to capture the surface temperature field of the strip. The strip is shown in Fig. 5 . It has five edge cracks in the central region. To capture the surface temperature image, the strip must be coated by the black paint. 
Results and Discussions
Joule Heating
The strip has the following dimensions: W=10 mm, L=240 mm, e=0.05 mm, a=5 mm and b=12 mm. The initial and ambient temperature are 26C. The electric current I 0 = 5 A is applied on the strip.
In the finite element analysis, the natural convection coefficient applied on the strip surfaces is 21 W/ m 2 -K.
Using the finite element analysis, Fig. 6 shows the electric current density at 60 s. There is a local concentration of the electric current density near the crack tip. Five cracks have the same phenomena. Similar to the elastic stress field, the electric current density also has the r 1/2 singularity at the crack tip (2) . In Fig.7 , it can be seen that the Joule heating effect causes a high temperature area (hot spot) around the crack tip. The thermal camera is also used to investigate the temperature field on the steel strip. In the experiment, the strip geometry is the same as the finite element model. Fig.  8 shows the thermal image of the steel strip with five cracks. There are local hot spots around the crack tips.
Effect of Gap between Two Cracks
The gap b is changed from 12 mm to 5 mm in this section. From the finite element results, Figs. 9 and 10 show the electric current density and temperature field at 60 s. In addition, Fig. 11 shows the thermal image of the steel strip. In Figs. 10 and 11, the maximum temperature occurs on the edge of the strip. The local hot spots at the crack tips are not obvious. It may disturb the crack detection.
When the gap between two cracks is relatively small, another large electric concentration occurs near the strip edge. This phenomenon is similar to the fluid problem. Due to Joule heating, it also makes a hot region near the strip edge. Fig. 11 . Thermal image (b=5 mm, units: C).
Conclusions
The finite element analysis and thermal imaging experiment are used to investigate the thermo-electric field of the strip. When the gap between two cracks is relatively small, the local hot spots at the crack tips are not obvious. It may disturb the crack detection.
